ABSTRACT. Objective. Pediatric victims of blunt trauma have developmental and anatomic characteristics that can make it difficult to assess their risk of cervical spine injury (CSI). Previous reports, all retrospective in nature, have not identified any cases of CSI in either children or adults in the absence of neck pain, neurologic symptoms, distracting injury, or altered mental status. The objective of this study was to examine the incidence and spectrum of spine injury in patients who are younger than 18 years and to evaluate the efficacy of the National Emergency X-Radiography Utilization Study (NEXUS) decision instrument for obtaining cervical spine radiography in pediatric trauma victims.
U nrecognized cervical spine injury (CSI) can produce catastrophic neurologic disability. Fear of failing to diagnose such an injury has led to the use of radiographic spine imaging in virtually all multiple blunt trauma victims. In the pediatric population, this issue is compounded further by the absence of any prospective studies evaluating the selection of candidates for imaging studies after blunt trauma.
Younger children present an additional challenge, as they are developmentally unable to communicate crucial symptoms. Furthermore, the physical examination can be limited by lack of cooperation in an anxious, crying child. Anatomic differences between the pediatric and adult cervical spine are prominent until approximately 8 years of age and persist to a lesser degree until approximately 12 years of age. [1] [2] [3] [4] [5] [6] As a result, details of the presentation of CSI in adults are not necessarily applicable to children. For all of these reasons, despite the rarity of CSI in children, physicians feel compelled to use liberal radiographic imaging to avoid missing any case of significant injury.
Previous reports, all retrospective in nature, have not identified any cases of CSI in either children or adults in the absence of neck pain, neurologic symptoms, distracting injury, or altered mental status. [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] Although this suggests that such criteria could be useful in limiting radiography among pediatric patients, limitations in the quality of such data make any such conclusions tenuous. The National Emergency X-Radiography Utilization Study (NEXUS) recently validated a decision instrument, based on 5 low-risk criteria, that allows physicians to identify a subset of patients in whom radiographic evaluation can be avoided safely. 19 In this article, a substudy of NEXUS that deals with blunt trauma victims who are younger than 18 years, we define the characteristics of CSI and evaluate the performance of the NEXUS decision instrument for all pediatric patients and in various subgroups defined by age.
METHODS
NEXUS was a prospective observational study, and radiographs were ordered entirely at the discretion of the examining physician, dictated only by each physician's usual and customary practice for obtaining such films. The study protocol neither mandated nor directed any element of patient care and thus posed no risk to patients. Waivers of informed consent were granted to each institution that participated in the study. The methods of the NEXUS study have been described in detail elsewhere. 20 Participating institutions (see the "Appendix") included a mix of community hospitals, academic medical centers, tertiary care facilities, trauma centers, and children's hospitals. Essential elements are summarized below.
Patients who were selected for radiographic imaging underwent a minimum 3-view examination, including cross-table lateral, anteroposterior, and open-mouth odontoid views. Other imaging studies, including but not limited to oblique views, flexionextension radiographs, or cervical computed tomography (CT), were ordered at the discretion of the treating physician. CT or magnetic resonance imaging (MRI) of the entire cervical spine could be substituted for standard 3-view studies when plain film imaging was impractical or impossible. Only those patients who underwent radiographic evaluation are included in the NEXUS study. No patient who received radiographs was excluded from the study.
Treating physicians completed data forms that captured demographic information (gender, race, date of birth), the clinical stability of the patient, and the presence or absence of each of the 5 low-risk criteria. The low-risk criteria were defined as the absence of each of the following: midline cervical tenderness, evidence of intoxication, altered level of alertness, focal neurologic deficit, and presence of a distracting painful injury. At each participating center, physicians undertook a brief training program in the application of the NEXUS criteria before initiation of the study. Physicians could indicate that they were unable to measure an individual criterion (eg, tenderness in a comatose patient), in which case, the patient was considered not to have met the lowrisk criterion. A patient was considered to have met the decision instrument classification of low-risk only when all 5 of the lowrisk criteria were fulfilled.
All findings were entered into a computer data terminal, which then issued the voucher that was required to obtain cervical spine radiographs. If an attending physician believed that even the minimal delay associated with completing the brief NEXUS questionnaire potentially might be harmful to the patient, then he or she could obtain the study voucher by indicating that the patient was unstable. In such cases, clinicians were encouraged to complete a full assessment of all criteria as soon as feasible, preferably before radiograph results were known. Instability of this type was considered to represent a surrogate for significant injury and exclusion from low-risk classification.
Study radiologists at each site interpreted all radiographic studies. The presence or absence of CSI and unstable CSI was based on the final interpretation of all radiographic studies (including special imaging techniques such as plain tomography, CT, and MRI). When these reports were ambiguous, study investigators reviewed both the reports and the original radiographs to determine final fracture classification. Neither the official radiology interpretation nor the coding of injuries was done with knowledge of the findings on the NEXUS data form.
Cases in which the victim had a CSI and was not defined as low-risk by the decision instrument were considered to be true positive, whereas those who were diagnosed as having an injury in the presence of all low-risk criteria were classified as false negative. Cases that met all low-risk criteria and had no CSI were classified as true negative, whereas those without injury but failing to meet at least 1 of the criteria were classified as false positive. Sensitivity and negative predictive value (as well as specificity and positive predictive value) of the decision instrument for CSI then were calculated in the standard manner.
Results were evaluated for all pediatric study subjects, as well as for various subgroups of children, by age. Such subgroups were based on developmental stage, as follows: 0 to 2 years (lack of verbal ability), 2 to 8 years (immature cervical spine), and 8 to 17 years (older children with fully developed spinal anatomy).
RESULTS
A total of 34 069 patients, of all ages, were enrolled in NEXUS (see Table 1 ), including 3065 children (9.0%) who were younger than 18 years. The age distribution for pediatric cases is shown in Fig 1. Age groupings are presented on the basis of lack of verbal ability (0 -2), immature cervical spine (2-8), the older pediatric population (9 -17) , and the adult population (18ϩ). Thirty children were found to have a CSI, representing 0.98% of all pediatric patients and 3.7% of all injuries reported in NEXUS. No pediatric patient who was defined as low risk sustained a CSI in this study.
Compared with the adult population, a larger percentage of the pediatric population (603 [19.7%]) was considered low-risk by the decision instrument (Table 1), and none of these children had a CSI. Table 2 shows that the percentage of (stable) patients who underwent radiographic evaluation, despite being defined as low-risk by the decision instrument, decreased with every increase in age group.
Applying the NEXUS criteria to the pediatric population, sensitivity, specificity, negative predictive value, and positive predictive value are noted in Table 3 and compared with the results from the overall NEXUS population. The NEXUS decision instrument identified all pediatric patients with CSI, so sensitivity for CSI was 100%. Nevertheless, because of the small number of children with CSI, the 95% confidence interval is relatively wide (87.8%-100.0%). Table 4 compares the NEXUS findings in the 30 injured and 3035 noninjured patients. Tenderness and distracting injury were the 2 most common abnormalities noted in patients both with and without CSI. Evidence of intoxication was noted infrequently among children, occurring in none of the injured patients and in only 110 of the others.
Of 30 patients with CSI, 21 were male, and their ages ranged between 2 and 17 years, with two-thirds being teenagers. No CSI was present in an infant who was younger than 2 years. CSIs among these children were distributed throughout the cervical spine, with the majority occurring in the lower cervical spine (Table 5) . Table 6 provides details of all 30 pediatric patients who sustained CSI. Most of these patients (24) were classified as clinically stable, and only a small number of the individual low-risk criteria (16 of 150 [11%]) were unable to be evaluated. There was no case of spinal cord injury without radiographic abnormality (SCIWORA) in this series. Among the 30 children with CSI, 5 (17%) had radiographic proof of spinal cord injury. Neurologic deficit also was recorded on the NEXUS data form in 3 other children with CSI and could not be determined in 3 more.
None of the injured children was low risk by the NEXUS instrument, and there was Ͼ1 non-low-risk
because clinicians were unable to assess 1 or more of the criteria. Furthermore, in no case was intoxication the only non-low-risk finding in any of these 30 children.
DISCUSSION
No CSI was identified in the pediatric population without at least 1 positive NEXUS risk factor. No CSI would have been missed had the NEXUS criteria been applied to this population, but 20% fewer radiographs would have been performed. This is consistent with the findings of the NEXUS study, 19 which validated a clinical decision instrument designed to identify patients who are at extremely low risk of CSI. 20 Our study does not prove definitively that the NEXUS low-risk criteria can be applied to children with complete safety. Although NEXUS was large enough to define the overall sensitivity of the instrument with substantial precision, there were few children with CSI. Thus, although the decision rule correctly identified all 30 children with CSI, the lower confidence interval for sensitivity in this group is only 87.8%. There were only 4 injured children who were younger than 9 years with CSI; thus, we are even less confident about application of the NEXUS decision instrument to that group.
Given that it would require a prospective study of approximately 80 000 children to be able to define confidence intervals for sensitivity of 0.5% (and vastly more to do so for younger children), a definitive answer is unlikely to be forthcoming. Nevertheless, we believe that it is reasonable, particularly in the adolescent age group, to endorse cautiously the use of the NEXUS decision instrument in children, for several reasons.
First, there is not a single case in the medical literature of a child with an occult CSI who would have been classified as low risk by the NEXUS criteria. Previous studies that attempted to define criteria for obtaining cervical spine radiographs in children are based on retrospective chart reviews. [21] [22] [23] [24] However, even in such retrospective studies, essentially all pediatric patients with CSI were reported to have neck pain or tenderness, abnormal neurologic findings, or altered mental state. There have been no reports of CSI among children who are old enough to communicate and who have normal mental status, no neck pain, no neurologic abnormality, and no distracting injury.
Second, although there are anatomic differences between adults and small children, which lead to different types and locations of injuries, [2] [3] [4] [5] [6] [7] [8] there are no clear reasons to believe that symptoms of injury and thus the low-risk criteria would be different in these groups, with the exception of children who are too small to express themselves or to localize complaints. Although CSI is exceedingly rare in very young children (Finally, there was a substantial number of children in NEXUS (603) who were iden- http://www.pediatrics.org/cgi/content/full/108/2/e20tified as low risk for CSI, none of whom proved to have fracture. Thus, not only was the negative predictive value of the decision instrument among children 100%, but also the confidence interval places the negative predictive value at no worse than 99.4%. For all of these reasons, therefore, we believe that cervical spine imaging rarely should be undertaken in children who clearly are negative by the low-risk criteria. Again, given the small number of infants and toddlers in this study, these conclusions may not be applicable to that group. None of the 30 children with CSI were identified by the presence of intoxication alone, whereas each of the other 4 criteria was necessary for the instrument to have attained 100% sensitivity. This probably reflects the relative rarity of intoxication among children and the small number of CSI identified. Because the overall NEXUS study 19 demonstrates clearly that intoxication can obscure other findings in CSI, it certainly should remain part of the decision instrument in children, although it will be important only occasionally.
CSI was present in only 0.98% of the children in whom radiography was performed, which is less than half the rate seen in adults in NEXUS. This may reflect more liberal ordering on the part of clinicians, a lower risk of injury among small children (because of anatomic differences or, more likely, less exposure to dangerous mechanisms of injury), or some other undefined factor. More liberal ordering also is suggested by the fact that the percentage of patients who met the low-risk criteria and for whom radiographs were ordered decreased with each increasing age group (Table 2 ). There are substantial anatomic differences in younger children (up to age 8), whereas from ages 8 to 12 there is a transitional period, after which the cervical spine is almost fully developed and for all practical purposes is comparable to that of an adult. [2] [3] [4] [5] This may help to explain differences in susceptibility to injury or the basis for a different ordering policy among many clinicians. CSI did not occur among infants who were younger 2 years, only 88 of whom were enrolled in the study. This is strong testimony to the rarity of CSI in this age group. It also is possible that cases in infants, when they do occur, present differently. Because injuries in this age group have been reported to occur predominantly to the higher cervical cord, 7-10 they frequently are lethal at the scene and thus never identified. The smaller number of cases in this age group is consistent with the lower incidence of exposure to a mechanism of injury that causes CSI compared with other age groups.
Almost all of the pediatric CSI in NEXUS occurred in older children, and the pattern of injury in that group was not dissimilar from that seen in adults. The rare cases of CSI in younger children occurred primarily in the upper cervical spine. This confirms observations of most but not all earlier studies, in which the distribution of CSI in children who are older than 12 years is similar to that of adults, whereas the preponderance of injuries in younger children is in the C1 and C2 regions. 9, 10, [15] [16] [17] SCIWORA has been described prominently among children, 7, 25, 26 but the only such cases in NEXUS occurred among adults. Because for the purpose of this study we could confirm the presence of a cord injury only when it was diagnosed radiographically (typically by MRI) at the participating institution, it is possible that the 5 children who were reported to have cord injury represent an underestimate of the true number of children with cord injury. There were no children, however, in whom CSI was identified, either by imaging or clinically, who had negative plain cervical spine radiographs (and thus met the standard definition of SCIWORA). Given that our methodology included mandatory data entry for all participants, as well as institutional follow-up of risk management and neurosurgical logs, it is extremely unlikely that cases of SCIWORA occurred but were not captured. Because all children who underwent radiography were included, it is virtually unimaginable that a child with clinical findings of cord injury would not have undergone radiographic evaluation. Because a number of tertiary care facilities participated in the NEXUS Group, referral bias is unlikely to explain the absence of pediatric SCIWORA. Finally, our methodology did in fact identify 22 cases of SCIWORA in adults. Thus, despite the previous sporadic reports, our data, collected systematically in a very large number of consecutive patients, make it clear that SCIWORA is at most very rare among children. This most likely reflects the rarity with which any spinal cord injury is seen in younger age groups. This rarity is supported by a review of all cases in the National Pediatric Trauma Registry over a 5-year period (24 740 total cases), during which an average of 81 cases of CSI per year were reported in children aged 0 to 20, with fewer than 8 per year in children who were younger than 2. 27 This prospective observational study, the largest (and only prospective) study ever done regarding pediatric CSI, provides a great deal of information about this entity and strongly suggests that children who meet all of the NEXUS low-risk criteria generally do not need to undergo cervical spine imaging. Given the small number of children with CSI in this series, we urge caution in applying the decision instrument to individual patients, particularly in the youngest age groups, in which the number of study participants was relatively small. Nevertheless, our data suggest that CSI is at most extremely rare among children who are defined as low risk by the decision instrument, concordant with both the absence of any report of occult fracture in the pediatric literature and the overall results among all 34 069 NEXUS participants. We believe that this strongly supports the safety and utility of the NEXUS criteria in children, application of which could reduce cervical spine imaging in children by approximately 20%, limit the time in which children are forced to remain immobilized, and decrease their exposure to radiation. Finally, utilization of the NEXUS decision instrument should lead to a substantial reduction in health care costs through avoidance of unnecessary radiographs.
